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(54) Apparatus and method for forming image with high image reproducibility 



(57) A control unit (105) of an image forming appa- 
ratus for controlling exposure energy includes a refer- 
ence image storage unit (207) storing a plurality of 
reference images, an image recognition unit (201) com- 
paring image information consisting of a plurality of 
pieces of pixel information with data stored in the refer- 
ence image storage unit (207), an exposure energy 
density storage unit (209) storing an exposure energy 
density for each reference image stored in the reference 
image storage unit (207), an exposure energy density 
determination unit (203) based on data from the image 
recognition unit (201) and data in the exposure energy 
density storage unit (209) an exposure energy density 
to be applied to a dot position corresponding to each 
piece of the pixel information, and a laser drive (205) 
driving a laser of an exposure unit (103) based on data 
from the exposure energy density determination unit 
(203). Accordingly, the image forming apparatus can be 
provided which exhibits an excellent image reproducibil- 
ity for images with various dot densities. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to image form- 
ing apparatuses and methods for forming an image 
based on a digital image. In particular, the invention 
relates to an image forming apparatus and an image 
forming method for forming a high-quality image by con- 
trolling exposure energy density. 

Description of the Background Art 

[0002] With the advent of an age of digital informa- 
tion, demand is growing for printers, facsimiles, copiers 
and the like that are based on digital processing system. 
There is also a growing demand on these image form- 
ing apparatuses for enhanced image quality Especially, 
development of copiers and pnniers is requestea these 
days that are superior in reproducibility wnich enables 
high-definition images of vanous document fonts or 
photo level to be reproduced accurately 
[0003] However, it has been known the reproduci- 
bility varies depending on the type of mages (difference 
of dot density) even if the condition of exposure is 
unchanged. A problem then arises tnat it is difficult to 
maintain a superior reproducibility fc various images. 
[0004] For example, suppose that the resolution of 
a line pattern consisting of lines on every second lines 
(hereinafter referred to as "periodc line pattern") is 
ensured. Then, the diameter of a dot included in a one- 
dot pattern consisting of nonadjacent dots with a low dot 
density (hereinafter referred to as 'isolated dot pattern") 
would be smaller than a desired value, or the dot itself 
would not be formed in some cases. On the contrary, if 
the dot diameter of the isolated oot pattern is ensured, 
the width of a line of the line pattern would be greater 
than a desired value, or the lines disappear resulting in 
solid black image. 

[0005] This phenomenon is now described in con- 
junction with the drawings. Rg. 6 illustrates one exam- 
ple of digital image information. Here, the reference 
characters A to G and numerals 1 to 20 are applied for 
indicating dot positions. 

[0006] Referring to Rg. 6, a virtual pattern in a 
memory space is shown consisting of rows (A, B : C, ...) 
and columns (1, 2, 3, ...). For example, the black por- 
tions represented by (row, column) = (A. 1) and the like 
mean "print" (voltage level is high), while white portions 
represented by (row, column) = (B. 1 ) and the like mean 
" no n -print" (voltage level is low). 
[0007] If data is read in one-dimensional manner 
from the memory storing the image information shown 
in Rg. 6 and a semiconductor laser is driven based on 
the read data, the laser is turned on (driven) when the 
read data is "print" (voltage level is high) and the laser is 



net turned or. (driven) when the read data is "non-print" 
(voltage level is low). 

[0008] Specifically, "A" is first designated as a row 
address which is one of signals input to the memory and 

5 then "1 , 2, 3, ..." are designated in this order as a col- 
umn address which is another input signal. Accordingly, 
row data in row A thus designated are successively read 
and a laser driver which receives the data controls turn- 
ing on/off of the laser. In this way, an electrostatic latent 

to image according to the image information regarding row 
A is formed on a photoreceptor. 
[0009] Next, "B "is designated as a row address and 
"1, 2, 3, ..." are successively designated as a column 
address. Then, the designated data regarding row B are 

75 also read and the laser driver controls turning on/off of 
the laser according to the data. An electrostatic latent 
image is thus formed based on the image information 
for row B as done for row A. 

[0010] This operation is repeated to form on the 
20 photoreceptor a two-dimensional electrostatic latent 
image pattern corresponding to the image pattern 
shown in Rg. 6. 

[0011] Figs. 11 and 12 respectively illustrate 
extreme results of development obtained by performing 

25 such a process of forming an electrostatic latent image 
for each of all image patterns shown in Fig. 6 under the 
same exposure condition. 
. [0012] Fig. 12 shows a result obtained by forming 
an image under an exposure condition which enhances 

30 the reproducibility of the line pattern of the original 
image (Fig. 6). Under this exposure condition, the line 
pattern is properly reproduced as shown in Fig. 12 while 
the reproducibility of the isolated dot pattern is deterio- 
rated. In an extreme case, the isolated dot disappears 

35 or the dot is not reproduced at all. 

[0013] Fig. 11 shows a result obtained by forming 
an image under an exposure condition which ensures 
the dot diameter of the isolated dot pattern of the origi- 
nal image (Fig. 6). Under this exposure condition, the 

40 isolated dot is appropriately reproduced with a desired 
dot diameter as shown in Fig. 1 1 while the reproducibil- 
ity of the line pattern is impaired. In an extreme case, 
the line width increases to cause non-print portions to 
disappear, resulting in a solid black image. 

45 [001 4] In order to solve this problem that a superior 
reproducibility cannot be ensured for images having dif- 
ferent dot densities, Japanese Patent Laying-Open No. 
63-64763 discloses a method according to which print 
data itself is corrected (related art 1 ). Specifically an 

50 isolated one-dot print data is detected from print data, 
and one bit preceding or following the detected one-dot 
print data is corrected as print data. 
[0015] Japanese Patent Laying-Open No. 63- 
296069 discloses a method for solving that problem by 

55 changing the diameter of a beam spot on the photore- 
ceptor (related art 2). Specifically, an isolated one-dot 
print data is detected from print data, and the diameter 
of a beam spot for the detected one-dot print data is 
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increased. 

[0016] This problem that a superior reproducibility 
cannot be ensured tor images having different dot den- 
sities should be considered together with an influence of 
change in the film thickness of the photoreceptor as 
time progresses. Reproducibility of an image is consid- 
erably affected by charging and light attenuation char- 
acteristics of the photoreceptor as well as modulation 
transfer function of electric field within the photorecep- 
tor, and the like. These characteristics of the photore- 
ceptor vary depending on the film thickness of the 
photoreceptor. 

[0017] The film thickness of the photoreceptor 
decreases with time due to contact with a cleaning 
member for removing residual toner, friction with a 
paper for transfer, and the like. Therefore, the various 
characteristics of the photoreceptor change with time 
merely by using the image forming apparatus. 
[0018] A problem then arises that the density of a 
black portion of a printed image or the brightness of the 
image changes from the initial setting, or the reproduci- 
bility of images having different dot densities cannot be 
maintained. 

[0019] Various image formation techniques have 
been proposed in order to overcome this problem, con- 
sidering the change with time in the film thickness of the 
photoreceptor. As representative approaches, Japa- 
nese Patent Laying-Open No. 8-95433 discloses a tech- 
nique of ensuring the brightness of an image by sensing 
change in the film thickness of the photoreceptor to con- 
trol the amount of exposure lamp (related art 3), Japa- 
nese Patent Laying-Open No. 5-16533 discloses a 
technique of ensuring the density by measuring the 
optical density of a reference patch image formed on 
the photoreceptor to feed back the result of the meas- 
urement (related art 4), and Japanese Patent Laying- 
Open No. 1 1 -15214 discloses a technique of controlling 
the charging potential of the photoreceptor and control- 
ling the development bias potential in consideration of 
variation in the image density due to change in the 
development electric field caused by change with time 
in the photoreceptor characteristics (related art 5). 
[0020] However, with the higher image resolution, it 
is more difficult to ensure a superior reproducibility for 
images having different dot densities. If an image hav- 
ing a resolution of 1200 dpi is to be formed by using a 
practically employed photoreceptor with a film thickness 
of 20 urn to 30 jim, for example, a superior reproducibil- 
ity for images with different densities cannot be ensured 
by the techniques discussed above. 
[0021] When the same exposure energy density is 
used to form images with a low dot density and with a 
relatively high dot density respectively, respective latent 
images formed on the photoreceptor are different from 
each other in the latent image potentials of print por- 
tions and non-print portions. 

[0022] Specifically, the image having a high dot 
density has a portion on the photoreceptor where expo- 



sure lights overlap. Therefore, on a negatively charged 
photoreceptor, for example, the portion where exposure 
lights overlap has a potential which is greater than a 
normal potential by the extra exposure energy. In other 

5 words, the effect of overlapping potential is observed. 
[0023] This overlapping effect can be reduced by 
optimizing the exposure spot diameter as disclosed in 
related art 2 if resolution is low. However, if the resolu- 
tion is high, there are more portions where the overlap- 

io ping effect occurs, and thus it is impossible to weaken 
the overlapping effect just by changing the exposure 
spot diameter. 

[0024] Even if the technique of changing the con- 
tents of original print data is used as disclosed in related 
75 art 1 , the original image could not be reproduced pre- 
cisely. Therefore, related art 1 cannot fundamentally 
solve this problem. 

[0025] Related arts 3 to 5 disclose solutions for the 
variation in the density and the brightness of an image 
20 caused by the change with time in the film thickness of 
the photoreceptor. However, any solution cannot ensure 
the reproducibility of image patterns having different dot 
densities. 

[0026] Accordingly, even if the exposure unit is con- 
25 trolled only in consideration with the influence of change 
in the film thickness of the photoreceptor, an output 
image cannot be formed which is truly superior in the ■ 
reproducibility. 

30 SUMMARY OF THE INVENTION 

[0027] One object of the present invention is to pro- 
vide an image forming apparatus and a method of form- 
ing an image which can provide a superior image 

35 reproducibility for images having various dot densities. 
[0028] Another object of the invention is to provide 
an image forming apparatus and a method of forming 
an image which can ensure a image reproducibility over 
a long period of time for images having various dot den- 

40 sities even if the film thickness of a photoreceptor 
changes. 

[0029] Those objects of the invention are achieved 
by an image forming apparatus including following ele- 
ments. Specifically, according to one aspect of the 

45 invention, the image forming apparatus includes an 
exposure unit for exposing a photoreceptor which is 
charged to a predetermined potential to light, a control 
unit for controlling exposure energy density of the expo- 
sure unit based on image information, and a develop- 

50 ment unit for visualizing an electrostatic latent image 
formed on the photoreceptor by the exposure unit. The 
control unit includes a first storage unit storing a plurality 
of reference images, a comparison unit comparing the 
image information with a reference image, and a first 

55 determination unit determining an exposure energy 
density corresponding to each of a plurality of pieces of 
pixel information constituting the image information 
based on result of the comparison by the comparison 
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unit. 

[0C30] According to the present invention, an image 
forming apparatus can be provided which exhibits a 
superior image reproducibility for images with various 
dot densities. 5 
[0031] Preferably, the control unit of the image form- 
ing apparatus further includes a second storage unit 
storing an exposure energy density corresponding to 
each reference image. The first determination unit 
includes a second determination unit which determines, io 
based on result of the comparison by the comparison 
unit, an appropriate one of the plurality of reference 
images for each of the plurality of pieces of pixel infor- 
mation. Accordingly, an exposure energy density corre- 
sponding to each pixel information is determined based 15 
on the determined reference image and the stored 
exposure energy density. 

[0032] The exposure energy density for each pixel 
information can thus be determined easily by referring 
to the second storage unit based on a reference image 20 
associated with each pixel information. 
[0033] Still preferably, the comparison unit of the 
image forming apparatus includes an extraction unit 
extracting from the image information a matrix image 
formed of predetermined units for each pixel informa- 25 
tion, and a decision unit deciding whether or not the 
extracted matrix image matches a reference image. The 
second determination unit includes a first recognition 
unit which recognizes, if the extracted matrix image 
matches the reference image according to the decision 30 
by the decision unit, this reference image as an appro- * 
priate reference image. 

[0034] In this way, if a matrix image matches a ref- 
erence image, an optimum exposure energy density 
can immediately be determined for each pixel informa- 35 
tion. 

[0035] Still preferably, the second determination 
unit includes a second recognition unit which recog- 
nizes, if the extracted matrix image does not match the 
reference image according to the decision by the deci- 40 
sion unit, a reference image similar to the extracted 
matrix image as an appropriate reference image. 
[0036] Accordingly, even if a matrix image does not 
match a reference image, a reference image similar to 
that matrix image is determined so as to eliminate the as 
need for storing a targe, number of reference images. 
[0037] Preferably, the image forming apparatus fur- 
ther includes a film thickness sensing unit sensing the 
film thickness of the photoreceptor. The first determina- 
tion unit determines an exposure energy density corre- so 
spending to each pixel information in consideration of 
result of the sensing by the film thickness sensing unit. 
[0038] Accordingly, an image forming apparatus 
can be provided which can ensure an image reproduci- 
bility for images with various dot densities over a long 55 
period of time even if the film thickness of the photore- 
ceptor changes. 

[0039] Preferably, the image forming apparatus fur- 
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ther includes a film thickness sensing unit sensing the 
film ihickness of the photoreceptor. The second storage 
unit stores an exposure energy density corresponding 
to each reference image in association with the film 
thickness of the photoreceptor, and the first determina- 
tion unit determines an exposure energy density corre- 
sponding to each pixel information based on the 
determined reference image and the stored exposure 
energy density associated with the film thickness of the 
photoreceptor. 

[0040] In this way, exposure energy density can 
easily be determined that is associated with the film 
thickness of the photoreceptor. 

[0041] According to another aspect of the invention, 
a method of forming an image includes the steps of 
exposing a photoreceptor charged to a predetermined 
potential to light, controlling exposure energy density of 
an exposure unit based on image information, and 
developing an electrostatic latent image formed in the 
exposing step on the photoreceptor to visualize the 
latent image. The controlling step includes a first stor- 
age step of storing a plurality of reference images, a 
second storage step of storing an exposure energy den- 
sity corresponding to each reference image, extracting 
from the image information a matrix image constituted 
of predetermined pixel units for each pixel information, 
deciding if the extracted matrix, image, matches any of 
the reference images, a first determination step of 
determining an appropriate one of the reference images • 
for each of a plurality of pieces of pixel information con- 
stituting the image information based on result of the 
decision in the deciding step, and a second determina- 
tion step of determining an exposure energy density 
corresponding to each pixel information based on a 
determined reference image' and stored exposure 
energy density. 

[0042] According to the present invention, it is pos- 
sible to provide a method of forming an image exhibiting 
a superior image reproducibility for images with various 
dot densities. 

[0043] Preferably, the image forming method further 
includes the step of sensing the film thickness of the 
photoreceptor. In the first storage step, an exposure 
energy density corresponding to each reference image 
is stored in association with the film thickness of the 
photoreceptor, and in the second determination step, an 
exposure energy density corresponding to each pixel 
information is determined based on a determined refer- 
ence image and the exposure energy density stored in 
association with the film thickness of the photoreceptor. 
[0044] In this way, it is possible to provide an image 
forming method ensuring an image reproducibility for 
images with various dot densities over a long period of 
time even if the film thickness of the photoreceptor var- 
ies. 

[0045] The foregoing and other objects, features, 
aspects and advantages of the present invention will 
become more apparent from the following detailed 
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description of the present invention when taken in con- 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0046] 

Fig. 1 illustrates a basic structure of an image form- 
ing apparatus according to one embodiment of the 
present invention. 

Fig. 2 is a functional block diagram of a control unit 
of the image forming apparatus. 
Fig. 3 illustrates as an example reference images 
stored in a reference image storage unit. 
Fig. 4 illustrates as an example exposure energy 
densities for reference images stored in an expo- 
sure energy density storage unit. 
Fig. 5 is a flowchart illustrating a flow of controlling 
exposure energy density by the control unit of the 
image forming apparatus. 

Fig. 6 illustrates one example of digital image infor- 
mation. 

Fig. 7 shows exposure energy density which is 
determined to be applied to each dot position by the 
control unit for the digital image information shown 
in Fig. 6. . 

Fig. 8 illustrates a basic structure of an image form- 
ing apparatus according to another embodiment of 
the invention. 

Fig. 9 is a functional block diagram of a control unit 
of the image forming apparatus. 
Fig. 1 0 is a flowchart illustrating a flow of controlling 
exposure energy density by the control unit of the 
image forming apparatus. 

Fig. 1 1 shows an image which is formed under an 
exposure condition to ensure a dot diameter of an 
isolated dot pattern in an original image (Fig. 6). 
Fig. 12 shows an image which is formed under an 
exposure condition to enhance a reproducibility of a 
line pattern in the original image (Fig. 6). 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0047] Embodiments of the present invention are 
hereinafter described in conjunction with the drawings. 

First Embodiment 

[0048] Referring to Fig. 1, an image forming appa- 
ratus 1 includes a photoreceptor drum i00 having a 
photoconductive film, a reset unit 11 1 for cleaning pho- 
toreceptor drum 100, a charging unit 101 for uniformly 
charging the surface of photoreceptor drum 100, an 
exposure unit 103 for exposing the charged surface of 
photoreceptor drum 1 00 to light to form an electrostatic 
latent image, a control unit 105 for controlling exposure 
unit 103 based on image information, a development 



unit 107 for visualizing the electrostatic latent image 
formed on the surface of the photoreceptor drum 1 00 by 
using a developer (toner), a transfer unit 1 09 for trans- 
ferring the toner image on the surface of photoreceptor 
5 drum 100 onto a piece of paper, and a fixing unit (not 
shown) for fixing the transferred toner image on the 
paper. 

[0049] As photoreceptor drum 100, a laminated 
type organic photoreceptor drum is employed, for exam- 

10 pie, which is formed of an undercoat layer (UCL), a 
charge generation layer (CGL) and a charge transport 
layer (CTL) on a conductor substrate. The surface of the 
photoreceptor drum can be negatively charged. 
[0050] A process of forming an image by image 

is forming apparatus 1 is briefly described below. Charges 
on photoreceptor drum 1 00 are first cancelled by reset 
unit 111 for photoreceptor drum 100 by using a dis- 
charging lamp or the like. Simultaneously, unnecessary 
toner, paper powder and the like remaining on photore- 

20 ceptor drum 1 00 are removed by a cleaning roller or the 
like. 

[0051] Then, charging unit 101 uses a corona 
charger or a charging roller to charge the surface of 
photoreceptor drum 1 00 to a predetermined potential. 

25 [0052] Next, laser beam emitted from a light source 
such as a semiconductor laser is directed onto the uni- 
formly charged photoreceptor drum 1 00 in order to gen- 
erate an electrostatic latent image. Exposure unit 1 03 is 
controlled by control unit 105 to modulate exposure 

30 energy density based on image information. 1 "y 
[0053] Development is then performed by develop- 
ment unit 107 so as to make visible the electrostatic 
latent image formed on the surface of photoreceptor 
drum 100 by using charged toner. It is noted that the 

35 method of development is not limited to dry develop- 
ment and wet development may be employed. 
[0054] Transfer unit 109 then transfers a toner 
image formed on photoreceptor drum 1 00 onto a sfieet 
of paper by using a transfer charger or the like. 

40 [0055] After this, the fixing unit (not shown) applies 
heat and pressure to thermally fix toner onto the surface 
of the paper and accordingly printing (image formation) 
is completed. 

[0056] Fig. 2 shows a functional block diagram of 
45 control unit 105 of image forming apparatus 1. Control 
unit 105 includes a reference image storage unit 207 
storing a plurality of reference images, an image recog- 
nition unit 201 which compares input image information 
formed of a plurality of pieces of pixel information with 
so data stored in reference image storage unit 207 to iden- 
tify the input image information, an exposure energy 
density storage unit 209 storing exposure energy den- 
sity corresponding to each reference image stored in 
reference image storage unit 207, an exposure energy 
55 density determination unit 203 determining exposure 
energy density to be applied to a dot position corre- 
sponding each pixel information, based on data sup- 
plied from image recognition unit 201 and data stored in 
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exposure energy density storage unit 209, and a laser 
driver 205 driving a laser of exposure unit 103 based on 
data supplied from exposure energy density determina- 
tion unit 203. 

[0057] Reference image storage unit 207 stores a 5 
plurality of m x n (m, n = 2p + 1 : p = 1 , 2, 3 ...) matrix 
image's having different patterns, each matrix image 
consisting of dot regions as structural units correspond- 
ing to resolution of the image forming apparatus. This 
matrix image is a reference image. io 
[0058] Fig. 3 shows reference images as an exam- 
ple stored in reference image storage unit 207. Refer- 
ring to Fig. 3, a reference image here is a 5 x 5 matrix 
image and five patterns a to e thereof are shown as an 
example. A dot region which is a minimum structural 15 
unit is approximately 20 x 20 jim for resolution of 1200 
dpi, and approximately 40 x 40 jim for resolution of 600 
dpi, for example. 

[0059] Data in a white region is "low" level, for 
example, so that an image after development is a white 20 
image. Data in a region represented by a lattice pattern 
and a hatched region are both "high" level, for example, 
so that respective images after development are both 
black images, ft is noted that those regions are distin- 
guished by the lattice and hatching for the purpose of 25 
convenience in order to tell a central dot to be noticed 
from other dots. 

[0060] Exposure- energy density storage unit 209 
stores exposure energy density to.be applied to the dot -. - 
(lattice pattern)-at the center of the" reference image' pat- >30 
tern shown in Fig. 3. This exposure energy density is 
associated with each reference image. The exposure 
energy density applied to the central dot of each refer- 
ence image is determined in advance by an experiment 
or analysis. 35 
[0061] Rg. 4 shows examples of the exposure 
energy density relative to reference images stored in 
exposure energy density storage unit 209. These values 
were determined through an experiment described 
below. 40 
[0062] As an experiment apparatus, a basic experi- 
ment apparatus with a resolution of 600 dpi was 
employed formed of only charging, exposure and devel- 
opment process steps of the electrophotography proc- 
ess. Therefore, measurement and evaluation of an 45 
image were conducted by using a toner image formed 
on a photoreceptor drum, not by using an image trans- 
ferred and fixed onto a sheet 

[0063] First in the charging step, a scorotron type 
charger was used to charge a sheet-like photoreceptor 50 
attached to a flat plate so that the charging potential of 
the photoreceptor in development was -800 V. Next in 
the exposure step, a semiconductor laser having a 
wavelength of 780 nm was driven by a laser driver 
(manufactured by KINO MELLES GRIOT CORPORA- 55 
TION), and its laser power and radiation time were 
adjusted to control exposure energy density at each dot 
position. In the development step, according to the 



mono-component contact development method, the 
bias of a development roller was set at -200 V. A lami- 
nated type phthalocyanine-based organic photorecep- 
tor having a thickness of approximately 20 jum and 
negatively charged was used as the photoreceptor. 
[0064] A toner is crushed by a jet crusher into parti- 
cles, the particles were sorted, and particles having an 
average volume diameter of 5.5 \im were used, and the 
specific charge amount thereof was -40 to -50 (nC/g). 
An exposure spot having a diameter of 60 ujn (1/e 2 
diameter) was used. 

[0065] Under these conditions, an image forthe ref- 
erence image pattern shown in Fig. 3 was formed on the 
photoreceptor while the exposure energy density was 
changed. An exposure energy density was then deter- 
mined which caused a visualized image on the photore- 
ceptor to have a desired image size, i.e. a dot diameter 
and a line width of 40 ujti. 

[0066] As a result, as shown in Fig. 4, the optimum 
exposure energy density varies depending on the differ- 
ence of the dot density. It was observed that the opti- 
mum exposure energy density tended to be lower where 
there could be a higher possibility of occurrence of the 
potential overlapping effect The exposure energy den- 
sity for the reference pattern (d in Fig. 3) having the 
oblique line pattern was high possibly .because the * 
oblique line having a great dot-dot distance- must be 
continued with an optimum line width being maintained. 
[0067] These numerical/values vary depending- on 1 
photoreceptor characteristics, development characteris- 
tics, exposure conditions and the like of an actually 
employed image forming apparatus. Therefore, values 
appropriate for respective conditions, should be deter- 
mined by such an experiment as herein conducted, 
numerical analysis or the like/ The values thus deter- 
mined are associated with respective reference images 
and stored as an LUT (look-up table) in a- memory 
(exposure energy density storage unit 209). 
[0068] Fig. 5 is a flowchart illustrating a flow of con- 
trolling exposure energy density made by control unit 
105 of image forming apparatus 1. It is noted that the 
digital image information shown in Fig. 6 is used as 
input image information for explaining details of 
processing. 

[0069] Referring to Fig. 5, in step S501, a matrix 
image concerning noticed pixel information is extracted 
from input image information. Specifically, the digital 
image information consists of a plurality of pieces of 
pixel information. In order to determine exposure 
energy density to be applied to a dot position corre- 
sponding to each pixel information, a matrix image, 
regarding one noticed pixel, which has the same area 
as that of a reference image is extracted. 
[0070] For example, if a reference image is a 5 x 5 
matrix as shown in Fig. 3 ; a matrix image to be 
extracted is a matrix image of the same size, i.e., 5x5. 
The matrix image is extracted such that a noticed pixel 
(which exposure energy density is to be determined) is 
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located at the center of the 5x5 matrix. 
[0071] Specifically, concerning pixel information 
corresponding to (row, column) = (C, 3), image informa- 
tion (5x5 matrix) in the region (row, column) = (A, 1 ) to 
(row, column) = (E, 5) is extracted. For pixel information 
corresponding to (row, column) = (F, 8), image informa- 
tion (5x5 matrix) in the region (row, column) = (D, 6) to 
(row, column) = (H, 10) is extracted. 
[0072] in step S502, for the extracted matrix image, 
it is determined whether or not there is an image in each 
matrix component. Then, it is determined whether each 
pixel information is "high" or "low" and thus data con* 
tents of the matrix image are recognized and image 
information for comparison is obtained accordingly. 
[0073] In step S503, the image information for com- 
parison (matrix image) is collated with reference images 
which are stored in advance. If there is found a refer- 
ence image which matches the comparison image infor- 
mation, that reference image is determined as an image 
corresponding to the comparison image information in 
step S504. 

[0074] For example, a reference image determined 
corresponding to a matrix image information (compari- 
son image information) in the region (row, column) = (A, 

1) to (E, 5) in Fig. 6 is the reference image c in Fig. 3 
having the periodic line pattern. Similarly, for the pixel at 
(row, column) = (C, 8), the reference image a in Rg. 3 is 
identified as an image which matches the matrix image 
information (comparison image information) in the 
region (row, column) = (A, 6) to (E, 10). 

. [0075] If there is no reference image which matches 
image information for comparison, in step S505, a refer- 
ence image which is most similar to the comparison 
image information is selected and the selected refer- 
ence image is determined as the one corresponding to 
the comparison image information. 
[0076] For example, there is no reference image 
which matches the matrix image information (compari- 
son image information) in the region (row, column) = (A, 

2) to (E, 6) in Fig. 6. Then, the similar reference image 
c in Fig. 3 is determined as the one corresponding to 
the comparison image information. 

[0077] In step S506, from the data stored in expo- 
sure energy density storage unit 209, an exposure 
energy density corresponding to the noticed pixel infor- 
mation is called. Specifically, an exposure energy den- 
sity to be applied to the central dot of a reference image 
is preliminarily determined by an experiment or the like 
and determined values are stored in exposure energy 
density storage unit 209 as the LUT. Accordingly, the 
exposure energy density to be applied to the dot posi- 
tion corresponding to the noticed pixel information is 
called from exposure energy density storage unit 209 
based on the reference image which is identified as the 
one corresponding to the pixel information. 
[0078] In step S507, the called exposure energy 
density tor the dot position corresponding to the noticed 
pixel information is temporarily stored. In step S508, it is 



determined whether or net exposure energy density is 
determined for all pieces of pixel information (dots) in 
the input image information. 

[0079] If exposure energy density has been deter- 
5 mined for all pieces of pixel information, step S509 is 
conducted in which information regarding the deter- 
mined density is output to driver 205. If exposure energy 
density has not been determined for all pieces of pixel 
information, this flow returns to step S501 and the proc- 
io ess steps (step S501 to step S508) are repeated until- 
determination of the exposure energy density is com- 
pleted for all pixels. 

[0080] In this way, optimum exposure energy densi- 
ties can be determined that are to be applied to print 
15 positions corresponding to all pixels in the input image 
information. 

[0081] Fig. 7 shows exposure energy densities to 
be applied to respective dot positions for the digital 
image information shown in Fig. 6, the densities being 
20 determined by control unit 107 following the above 
processing. It is noted that the determined exposure 
energy densities shown here are for only the region 
(row, column) = (A, 1) to (E, 20). If a noticed pixel infor- 
mation corresponds to a white portion, the exposure 
25 energy density is zero. 

[0082] Following the processing described above, 
an exposure energy density is determined that is- to be 
applied to a dot position corresponding to each pixel in 
input image information, and the exposure energy den- 
30 sity is controlled based on result of the determination. 
Then, even if the resolution is high, difference in'the dot 
density does not cause difference in the imagej repro- 
ducibility, and thus an excellent image reproducibility 
can be ensured for various images. 

35 

Second Embodiment , ; 



[0083] The second embodiment of the jpresent 
invention is now described. Fig. 8 shows a basic struc- 

40 ture of an image forming apparatus 2 according to one 
of the embodiments of the present invention. Referring 
to Fig. 8, image forming apparatus 2 includes, similarly 
to image forming apparatus 1, a photoreceptor drum 
100, a reset unit 111, a charging unit 101, an exposure 

45 unit 103, a control unit 805, a development unit 107, a 
transfer unit 109 and a fixing unit (not shown), and addi- 
tionally includes a film thickness sensing unit 81 3 meas- 
uring the film thickness of photoreceptor drum 1 00. 
[0084] Film thickness sensing unit 813 here uses a 

so method of directly detecting the film thickness by light, 
ultrasonic wave, or the like. The sensing method is hot 
limited thereto. For example, change of the film thick- 
ness may be predicted indirectly based on such infor- 
mation as the total number of times image forming 

55 apparatus 2 is driven, driving time thereof, the total 
number of times photoreceptor drum 1 00 is rotated, and 
the like. If this indirect sensing method is employed, 
there is no need to newly provide an ultrasonic device or 
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the like. Then, simplification of the structure as weli as 
an advantage in cost to prevent increase of cost are 
achieved. 

[0085] The process of forming an image by image 
forming apparatus 2 is similar to that of image forming 5 
apparatus 1 and description thereof is not repeated 
here. 

[0086] Fig. 9 is a functional block diagram showing 
a structure of control unit 805 of image forming appara- 
tus 2. Referring to Fig. 9, control unit 805 basically has w 
the same structure as that of control unit 105 of image 
forming apparatus 1 . 

[0087] A difference is that an exposure energy den- 
sity determination unit 203 determines exposure energy 
density considering additionally the film thickness w 
sensed by film thickness sensing unit 813 in Fig. 8. 
[0088] Further, an exposure energy density storage 
unit 909 stores exposure energy density for a reference 
image associated with the film thickness of the photore- 
ceptor, which is not just the exposure energy density for 20 
a reference image. Therefore, exposure energy densi- 
ties are stored in the form of a table LUT for each film 
thickness of the photoreceptor. It is noted that the stored 
exposure energy density may be a function of the film 
thickness of the photoreceptor. 25 
[0089] Fig. 1 0 is a flowchart illustrating a flow of 
controlling the exposure energy density by control unit 
805 of image forming apparatus 2. Referring to Fig. 10, ' 
in step S1 01 , control unit 805 obtains information on the 
film thickness of photoreceptor druml 00 from film thick- 30 
ness sensing unit 81 3. 

[0090] Subsequent processing steps (from step 
S501 to step S509) are identical to those in Fig. 5 of 
image forming apparatus 1 except.for processing in step 
SI 06. ~ 35 

[0091] In step SI 06, as an exposure energy density 
for a determined reference image, a value is read from 
exposure energy density storage unit 909 in considera- 
tion of the information on. the film thickness of photore- • 
ceptor drum 1 00 that is obtained in step Si 01 . 40 
[0092] Following this processing, an exposure 
energy density to be applied to each pixel is determined 
considering the film thickness of the photoreceptor. 
Therefore, even rf the film thickness of the photorecep- 
tor decreases due to wear as time passes, a superior 45 
image reproducibility can be achieved for input image 
information with various dot densities. 
[0093] When there is no reference image which 
matches an image for comparison, image forming appa- 
ratuses 1 and 2 select one reference image which so 
resembles the comparison image. Alternatively, several 
reference images close to the comparison image may 
be selected to calculate an optimum energy density 
based on these reference images. 

[0094] In.the flowcharts shown in Figs. 5 and 1 0 for 55 
controlling exposure energy density, exposure energy 
densities to be applied to respective dot positions corre- 
sponding to all pieces of pixel information in the input 



804 A2 ' 14 

image information are temporarily stored (step S507) 
and then output to driver 205. Aiternaiively, each time a 
predetermined number of densities are determined, or 
each time a density for one dot is determined, the deter- 
mined densities (density) may be output to driver 205, 
for example. In this case, the memory capacitance 
required for storing exposure energy densities in step 
S507 can be reduced. 

[0095] Although a matrix size of 5 x 5 as shown in 
Fig. 3 is herein employed for the reference image, the 
size is not limited thereto and may be smaller or greater. 
In addition, the reference images are not limited to 
those five patterns shown in Fig. 3. If the number of ref- 
erence images is increased, exposure energy density 
can more accurately be determined and thus the image 
reproducibility is enhanced. 

[0096] Further, the basic process steps of the elec- 
trophotography system illustrated for image forming 
apparatuses 1 and 2 are not limited to those in the 
embodiments of the present invention. For example, 
development unit 107 may employ not only the one- 
component development but other development meth- 
ods such as two-component development and jumping 
development 

[0097] Although the present invention has been 
described and illustrated in detail, it is dearly under- 
stood that the same is by way of illustration and example 
only and is not to be taken by way of limitation, the spirit 
and scope of the present invention being limited only by 
the terms of the appended claims. 

Claims 

1 . An image forming apparatus comprising: 

an exposure unit (103) for exposing a photore- 
ceptor (100) charged to a predetermined 
potential to light; ■ 

a controller (105) controlling exposure energy 
density of said exposure unit (103) based on 
image information; and 

a development unit (107) for visualizing an 
electrostatic latent image formed on said pho- 
toreceptor (100) by said exposure unit (103); 
wherein 

said controller (1 05) includes: 
a first memory (207) storing a plurality of refer- 
ence images; 

a comparison unit (201) for comparing said 
image information with a reference image; and 
a first determination unit (203) based on result 
of the comparison by said comparison unit 
(201) for determining an exposure energy den- 
sity corresponding to each of a plurality of 
pieces of pixel information constituting said 
image information. 

2. The image forming apparatus according to claim 1 , 
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wherein 

said controller (105) further includes a second 
memory (209) storing an exposure energy den- 
sity corresponding to each of said reference 5 
images, 

said first determination unit (203) includes a 
second determination unit based on result of 
the comparison by said comparison unit (201) 
for determining an appropriate one of said plu- io 
rality of reference images for each of said plu- 
rality of pieces of said pixel information, and 
the exposure energy density corresponding to 
each of said plurality of pieces of pixel informa- 
tion is determined based on said determined 75 
reference image and said stored exposure 
energy density. 

3. The image forming apparatus according to claim 2, 
wherein 20 

said comparison unit (201) includes: 
an extraction unit for extracting from said image 
information a matrix image constituted of pre- 
determined units for each pixel information; 25 
and 

a decision unit for deciding if said extracted 
matrix image matches any of said reference 
images, and 

said second determination unit includes a first 30 
recognition unit for recognizing, if said decision 
unit decides that said extracted matrix image 
matches a reference image, the reference 
image as said appropriate reference image. 

35 

4. The image forming apparatus according to claim 3, 
wherein 

said second determination unit includes a sec- 
ond recognition unit for recognizing, if said 40 
decision unit decides that said extracted matrix 
image does not match any of said reference 
images, a reference image similar to said 
extracted matrix image as said appropriate ref- 
erence image. 45 

5. The image forming apparatus according to claim 1 , 
further comprising a film thickness sensing unit 
(31 3) for sensing film thickness of said photorecep- 
tor (100), wherein 50 

said first determination unit (203) determines 
the exposure energy density corresponding to 
each piece of the pixel information in consider- 
ation of result of the sensing by said film thick- 55 
ness sensing unit (813). 

6. The image forming apparatus according to claim 2, 



further comprising a film thickness sensing- unit 
(813) for sensing film thickness of said photorecep- 
tor (100), wherein 

said second memory (909) stores the exposure 
energy density in association with the film 
thickness of said photoreceptor, the exposure 
energy density corresponding to each of said 
reference images, and 

said first determination unit (203) determines 
the exposure energy density corresponding to 
each piece of said pixel information based on 
said determined reference image and said 
exposure energy density stored in association 
with the film thickness of said photoreceptor 
(100). 

7. A method of forming an image comprising the steps 
of: 

exposing a photoreceptor (100) charged to a 
predetermined potential to light; 
controlling exposure energy density of an expo- 
sure unit (103) based on image information; 
and 

developing an electrostatic latent image.formed 
on said photoreceptor (100) in said exposing 
step to visualize the latent image, wherein 
said controlling step includes: 
a first storage step of storing a plurality of refer- 
ence images; 

a second storage step of storing an exposure 
energy density corresponding to each of said 
reference images; 

extracting (S501) from said image information 
a matrix image constituted of predetermined 
pixel units for each pixel information; i'. 
deciding (S503) if said extracted matrix image 
matches any of said reference images; 
a first determination step (S504, S505) of 
determining an appropriate one of said refer- 
ence images for each of a plurality of pieces of 
pixel information constituting said image infor- 
mation based on result of the decision in said 
deciding step (S503); and 
a second determination step (S506) of deter- 
mining an exposure energy density corre- 
sponding to each piece of said pixel 
information based on said determined refer- 
ence image and said stored exposure energy 
density. 

8. The image forming method according to claim 7, 
further comprising the step of sensing film thick- 
ness (S1 01 ) of said photoreceptor (1 00), wherein 

in said first storage step, the exposure energy 
density corresponding to each of said refer- 
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ence images is stored in association with the 
film thickness of said photoreceptor (100), and 
in said second determination step (Si 06), the 
exposure energy density corresponding to 
each piece of said pixel information is deter- 5 
mined based on said determined reference 
image and said exposure energy density 
stored in association with the film thickness of 
said photoreceptor (100). 
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